Abstract. Using slag, steel slag and Portland cement as the raw material with a small amount of activator, the composite Portland cement of magnitude 42.5R was prepared. The steel slag fineness, the composite ratio of slag-steel slag and the types of activator on the properties of composite Portland cement were studied in the research. The hydrated products of composite Portland cement and the micro-structure of harden cement paste were analyzed by SEM.
Introduction
Along with the vigorous development of China's iron and steel industry, tens of millions of tons of waste residues are produced each year. The utilization ratio of waste residue is low in China, and the accumulation of large amount of waste residues not only occupies cultivable land, but also causes environmental pollution [1, 2] . The granulated blast furnace slag and steel slag are waste residues produced by pig iron smelting in iron and steel production enterprises. Slag and steel slag are potential cementitious components of cement because of their similar chemical composition compared with that of cement clinker. Slag and steel slag can be used as auxiliary material in cement production and that can improve the performance of cement, broaden the cement product types, reduce the cost of production and bring more income for iron and steel production enterprises [3, 4] .
Liaoning province is one of Chinese traditional industrial bases and has many large iron and steel production enterprises such as Anshan Iron and Steel Group, Lingyuan Iron and Steel Group, Fushun Special Steel Company, and so forth. A large amount of slag and steel slag are produced and discharged from these enterprises every year. In order to make better use of these resources while taking into consideration of the actual cement production enterprises in Liaoning area, slag and steel slag were used as admixture and grinded it into fine powder. Composite Portland cement was prepared using this powder mixed with Portland cement and a small amount of activator. Then the fineness of steel slag, the composite ratio of slag and steel slag, and the types of activator effect on the properties of composite Portland cement were mainly studied in the paper. The aim of these studies was to seek the optimal proportion and composition of the composite Portland cement and achieve the goal of energy saving, emission reduction and waste recycling. The hydration products of composite Portland cement and microstructure of harden paste were analyzed by SEM.
Materials and Methods

Materials
Test Results and Discussion
The effect of steel slag fineness on physical properties of the composite Portland cement. According to Chinese standard titled Steel Slag Powder Used for Cement and Concrete (GB/T 20491-2006), the specific surface area of steel slag powder should not be less than 400 m ·kg -1 were selected for the tests. The slag and steel slag were evenly mixed with mineral powder in the ratio of 1:1. Then the composite Portland cement was prepared which 50% of Portland cement was substituted by the mixture. The physical properties of composite Portland cement were shown in Table 5 . Table 5 . In the composite system of slag and steel slag, the mortar strength of composite Portland cement became larger with the increase of specific surface area of steel slag powder, and the compressive strength was obviously increased among them. Compared with sample S400, the 3 days compressive strengths of samples S430 and S460 increased by 12.4% ~ 19.0%, and those of 28 days increased by 10.3% ~ 19.7%. This meant that the larger the differential specific surface area of steel slag powder, the higher activity of steel slag, and the better strength of composite Portland cement. But it could also be seen from the data that the early strength of composite Portland cement was greatly decreased with the incorporation of slag and steel slag compared to that of Portland cement (5.4 MPa /24.6 MPa). Even for the highest strength of sample S460, the 3 days flexural and compressive strength was only 3.9 MPa and 16.3 MPa which reduced by 27.8% and 33.7%, respectively. The main reason was the formation temperature of slag and steel slag was generally above 1500℃, the main mineral of steel slag was tricalcium silicate and dicalcium silicate and they could crystallize more tightly. And the main mineral of slag was glasslike solid which was in the metastable state. The early hydration rate of slag and steel slag was slow and the early strength of composite Portland cement was also low. The slag and steel slag just played the role of particulate filling in gel system [5, 6] . With the cement hydration and age extension, higher alkalinity steel slag released Ca(OH) 2 which made the alkalinity of the liquid phase increased. Under this condition, both the disintegration rate of slag glass and the hydration process accelerated, the gels of hydrated calcium silicate and hydrated calcium aluminate gradually generated and later strength of the composite Portland cement was guaranteed.
The soundness of composite Portland cement was qualified. The standard consistency of the composite cement reduced and the setting time shortened with the increase of steel slag specific surface area. This was because the activity of steel slag increased after fine grinding and the hydration rate was relatively more quickly, then the rate which composite cement paste formed spatial mesh structure increased and that resulted in shortened setting time.
The effect of compound ratios of slag and steel slag on physical properties of the composite Portland cement. The steel slag powder of specific surface area 460 m 2 /kg was selected in the tests. The total dosage of slag and steel slag in the composite Portland cement was fixed at 50%. The different samples of the composite Portland cement were prepared by adjusting the mass ratio. With reference to relative standards, the effect of different composite ratios of slag and steel slag on physical properties of the composite Portland cement was studied. The experimental data were shown in Table  6 . Tab The experimental data showed that the setting time prolonged with the increase of the steel slag percentage. The reason was the components of active silicon-aluminum in steel slag was less than that in slag and hydration rate was slow which led to less products of early hydration. Thus the setting time was prolonged.
The concentration of f-CaO was higher in steel slag, then the incorporation of steel slag could cause cement paste expanded. The expansion rate gradually increased with the increase of steel slag dosage.
The composite Portland cement was tested by Rayleigh clamp method and measured up to the national standards.
The mortar strengths of each age showed a gradually declined trend with the increase of steel slag dosage. This was mainly because the content of iron oxide in the steel slag was higher (13.20%) and including some FeO-like impurities which made it more difficult to participate in the hydration. In addition, a small amount of P 2 O 5 was contained in steel slag. The element P could make tricalcium silicates and dicalcium silicates in Portland cement and steel slag produce some decomposition and that reduced the cement mortar strength. When the mass ratio of slag and steel slag was 25:25 and 15:35, the mortar strengths of cement for ages of 3 days and 28 days could meet the need of the grade 42.5 composite Portland cement. The price of one ton of steel slag was 20 yuan cheaper than that of slag. Under consideration of the economic factors, the ratio of slag to steel slag was determined 15:35 in the tests.
The effect of activator types on physical properties of the composite Portland cement. Slag and steel slag were potential hydraulic admixture. Its hydration rate and the early strength were low due to its own reasons. The activity of steel slag could be chemically stimulated by an activator when they were used as cement-based material. Then its hydration rate could be speeded up and its activity could be increased. Three commonly used alkaline activators (sodium sulfate, sodium silicate and sodium hydroxide) were selected for study in the tests to screen the optimum activator which perform excellently and could meet to the requirement of the composite Portland cement standard. The ratios of the cement were like these: steel slag 35%, slag 15%, Portland cement 48% and activator 2%. The experimental data were shown in Table 7 .
Tab 7 The effects of the activator on physical properties of composite Portland cement Table 7 , the standard consistency of the composite Portland cement changed a little, its soundness could meet the requirement and the setting time shortened in different degrees. Adding sodium silicate could get the most obvious effect which the initial setting time shortened 32 minutes and the final setting time shortened 33 minutes. Three types of alkaline activators improved the 3 days flexural and compressive strength of the composite Portland cement in different degrees. Compared with the cement without activator adding, the 3 days flexural strength of sodium silicate-adding cement increased by 21.6% (from 3.7 MPa upto 4.5 MPa) while its 3d compressive strength increased by 23.1% (from 15.6 MPa upto 19.2 MPa). It was showed that using sodium silicate as an activator could significantly speed up the early cement hydration, stimulate the activity of slag and steel slag and that accelerated the hydration reaction of the cementitious system. Thus the 3 days mortar strength of the composite Portland cement could be improved. The 28 days cement flexural strength was 7.3 MPa, and the 28 days compressive strength was 44.6 MPa and that could meet the requirement of grade 42.5R (4.0 MPa /19.0 MPa) for the composite Portland cement.
The analysis of microstructure and hydration products. The microstructure and hydration products of sample SN2 at 3 days were analyzed by using scanning electron microscope (FUJIFILM S4800). The results were as shown in Figure 1. A B Figure 1 SEM micrographs of sample SN2 at 3 days What could be seen from the SEM micrograph of figure 1A was that the internal structure of sample SN2 of age 3 days was relatively denser, a large amount of acicular ettringite generated with floccules gels and that could become the growth core of hydration products. The reason was the amount of sodium hydroxide which produced from sodium silicate hydrolysis increased the liquid phase alkalinity when Na 2 SiO 3 was used as the activator and destroyed the surface structure of steel slag vitreous. Thus OH -ions made alumina-oxygen bond, silicon-oxygen bond, silicon-aluminum-oxygen bond in slag structure break down. That accelerated the ions of Ca 2+ , Al 3+ , SiO 4 4-to go into the solution and speed up the hydration of the tricalcium silicate and dicalcium silicate. Therefore the cement strength was improved with the formation of C-S-H gel and crystal AFt. A better bonding degree between cement and aggregate could be seen in the SEM micrograph of figure  1B . A large numbers of floccules hydrated calcium silicate gel were generated accompanied by the cement hydration. The short acicular ettringite and the gel overlapped each other and the pore size of cement stone reduced, hydration products filled in it and made the gel texture relatively denser which improved the strength of cementitious materials.
Conclusions
The setting time of composite Portland cement gradually shortened with the increase of specific surface area of steel slag when the composite ratio of slag and steel slag was fixed, and the mortar strength in each age increased thereupon. The expansion ratio of composite Portland cement increased with the increase of steel slag composite ratio, the setting time prolonged and the mortar strengths in each age were gradually declined.
The early strength could be improved effectively if the right amount of activators was added in cement. When 2% sodium silicate was incorporated, the 3d flexural strength could be 4.5 MPa and the compressive strength could be 19.2 MPa.
The composite Portland cement of grade 42.5R was successfully prepared by using slag and steel slag with some of Portland cement and activator. Its performance could meet Chinese standard titled Common Portland Cement (GB 175-2007) while waste residues could be recycled and the cement production cost could be greatly reduced. The specific ratio of the composite cement was: steel slag 35%, slag 15%, Portland cement 48%, and activator 2%.
